A magnetohydrodynamic approach is used to investigate how compressional linearly unstable Kelvin-Helmholtz surface waves on the magnetopause extract energy from the velocity shear and radiate that energy away from the boundary in the separate rest frames of the plasmas on the two sides. On the magnetospheric side, the energy transport velocity normal to the magnetopause may become comparable with the Alfv6n speed. The energy flux, for typical conditions on the dayside magnetopause, is found to be ---10 -3 ergs/cm 2 s, and the total energy flux over the unstable region on the dayside magnetopause is estimated to be '•1017 ergs/s in magnetic quiet times, or •> 1018 ergs/s in disturbed times. The discussion of energy input into the magnetosphere illuminates how surface waves on the magnetopause provide the power to drive resonant regions within the magnetosphere at large distances from the boundary.
INTRODUCTION
In the past twenty years considerable attention has been given to energy transfer processes at the earth's magnetopause. Although the solar wind can provide energy and momentum to the magnetosphere by particle transport across the magnetopause, it is also possible to transport energy and momentum by magnetohydrodynamic (MHD) wave processes [Sonnerup, 1980; Hill, 1979] .
There are two ways in which MHD waves can transfer energy into the magnetosphere. First, the magnetoacoustic waves in the turbulent magnetosheath refract into the magnetosphere carrying wave energy across the magnetopause [McKenzie, 1970; Verzariu, 1973; Wolfe and Kaufman, 1975 ]. This energy input may contribute, to a modest degree, to the energy budget of the magnetosphere. However, the average transmission coefficient of incident waves is found to be only 1-2%, which appears to cast doubt on the 'refraction model' as an important transfer agent [Hill, 1979] . Second, the magnetopause itself may develop the KelvinHelmholtz (K-H) instability under certain conditions and the associated surface waves can provide energy transfer through the boundary [Southwood, 1979; Tajirna and Leboeuf, 1980] . The K-H instability at the magnetopause has long been of interest to space physicists and has been studied quite extensively [Dungey, 1955; Fejer, 1964; Sen, 1964 Sen, , 1965 Lerche, 1966; Southwood, 1968 
THE ENERGY DENSITY ON EACH SIDE OF INTERFACE
Before proceeding with the 'calculations of energy transport via the K-H instability, we will obtain the energy densities associated with the surface waves. The surface waves couple magnetoacoustic waves in the plasmas on two sides of the interface with amplitudes decaying away from the interface, so we must calculate the wave energy in both bounding plasmas.
Numerical results confirm that the condition Io)i << o)r (E << Wr ) is satisfied for most of the specific cases discussed in and the expressions apply to the plasmas on sides 1 and 2 in their respective rest frames. The time average magnetic energy density is then expressed as [Stix, 1962] (bEa) = Ca2lbp 2e2'ø't/4p 
For magnetoacoustic waves in the frame at rest relative to the bulk plasma, Anderson [1963] showed that
w4k-k4C2(k ß A)A vg = wk2[2w 2 _ (A 2 + C2)k2] = VE (36)
However, in the case of surface waves, strong damping (i.e., decay of amplitude normal to the boundary) is present, k and Ow/Ok are complex, and Vg and ve are not directly related [Ginzburg, 1970] . Equation ( Finally, we should emphasize that the waves we have described originate in the velocity shear. Even the stable plasma waves present for U > U,,• originate on the interface and propagate into the plasmas on both sides (to• > 0, kzl > 0; o32 < 0, kz2 < 0). These bulk plasma waves differ from those studied by McKenzie [1970] , that originate in the magnetosheath and propagate through the magnetopause with tOl, k•, w2, and k2 all > 0.
We have stressed that our calculations for energy transport in the magnetosheath were carried out in the rest frame of the magnetosheath plasma. Since (bF) is frame-dependent, it is evident that (•Fz) 2 and (Uez)2 will be different when evaluated in the rest frame of the magnetosphere. Further discussion of this point will be provided elsewhere.
DISCUSSION
We have shown some calculated phase velocities, energy transport velocities and energy fluxes of both F waves and S waves in two representative geometries. In the frames at rest with respect to plasma on each side, the energy fluxes and energy transport velocities are directed out of the magnetopause, and the phase velocities of F waves on the magnetospheric side are also directed inward toward the bulk plasma. The results may be used to determine how the surface waves on the magnetopause can couple to resonant field lines in the magnetosphere, a widely accepted model for the excitation of low-frequency magnetic pulsations [Chen and Hasegawa, 1974; Southwood, 1974] . These authors noted To obtain quantitative estimates of (bFz) in different cases, we use representative numbers for A i, U, and (bB)2 listed in Table 1 . Here (bB)2, the amplitude of magnetic perturbations in the magnetosheath near the magnetopause, is chosen for F waves to correspond to power levels in waves with periods 150-1200 s reported by Saito et al. [1979] , for example. Amplitudes for S waves are reduced in these estimates because of their smaller growth rates. The reduced flow velocity, U, is taken to be order 1, with minor variations to reflect the kind of change with location on the magnetopause expected for field strength and flow velocity. The exceptional case of S waves at dayside low latitudes (S waves are stable at U • 1 for 01 • 90 ø) is calculated by using U = 0.34, 01 = 80 ø, 02 = a = 0 ø, although for 01 < 80 ø, the contribution of S waves to energy transport (see below) may be slightly larger. Using (bB)2, we obtain (bEB)2 from (12). Then (bE,,)2 can be related to (bEB)2 using (10) and (16) Table   3 ). These estimates can be regarded as rough lower bounds because they do not include contributions from the tail region. Recently, by using data from the STARE (Scandinavian twin auroral radar experiment), Greenwald and Walker [1980] determined both the maximum Joule heating in the ionosphere by the pulsations and magnetospheric energy storage in the resonant waves. In both cases, they found power levels of approximately 6 x 1016 ergs/s. Thus, the energy flux resulting from the compressional K-H instability on the dayside magnetopause seems to be sufficient to drive observed magnetic pulsations.
It is also interesting to compare the energy flux of unstable surface waves with other energy input into the magnetosphere. Verzariu [1973] calculated the energy flux across the magnetopause by MHD wave transmission from the magnetosheath into the magnetosphere. By assuming a typical power spectrum in the magnetosheath given by Mariani [1970] , he obtained the energy density of incident waves ranging from---10 -11 to 10 -lø ergs/cm 3 and an average flux of order -10 -6 ergs/cm 2 s, which is much lower than the values of (bFz)l produced by unstable compressional surface waves. The comparisons of the total power supplied to the dayside magnetopause with other inputs are listed in Table 3 . The numbers are taken from the review paper of Hill [1979] . From Table 3 we observe that the unstable K-H waves provide a source of energy transfer into the magnetosphere that is not insignificant and that for northward interplanetary fields may be comparable with the largest energy input from other mechanisms.
All calculations in this paper hold only in the linear unstable stage. Since in most cases surface waves exist at saturation levels, to discuss the energy transport problem completely, the nonlinear development of the waves should be considered. In addition, the entire analysis is based on the assumption of weak instability, which, as previously noted, is invalid in the dayside equatorial magnetosheath where Iwrl • • if 0.8 < U < 1.2. The correct calculation for this case should properly include linear terms. Also, the boundary layer and kinetic effects should be taken into account in the future.
